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INTRODUCTION 


The  objective  of  this  program  was  to  design,  construct,  and  test  a  field 
model  prototype  of  the  inductive  fatigue  detection  system,  which  has  been 
reported  upon  earlier The  field  model  incorporates  recently  developer, 
concepts,  design  improvements,  higher  sensitivity,  and  greater  flexibility 
in  a  battery-operated,  hand-carried  system. 


The  present  configuration,  which  was  aimed  at  field  and  shop  use,  has  had 
all  adjustments  rewved  from  the  front  panel  and  has  been  optimized  for  use 
on  aluminum.  During  the  performance  of  previous  woik,^  three  materials 
were  selected  for  vibratory  beam  fatigue  testing  and  periodic  scanning: 
6061-T6  aluminum,  9310  steel,  and  Inconel  X.  The  detection  system  generally 
showeu  an  equal  ability  to  detect  incipient  fatigue  damage  (microcracking) 
at  an  early  point  in  the  life  of  the  specimen  among  the  three  materials 
selected.  Aluminum  showed  the  earliest  signals,  and  was  later  chosen  as 
the  material  for  which  the  system  was  to  be  optimized. 

The  sections  of  the  report  which  follow  discuss  the  development  and  test, 
and  present  test  results  and  manufacturing  drawings. 


1Moross ,  George  C.,  INVESTIGATION  TO  DETERMINE  THE  FEASIBILITY  OF 
DETECTING  IMPENDING  METAL  FATIGUE  FAILURE  THROUGH  USE  OF  AN  INDUCTIVE 
SENSING  DEVICE,  Mechanical  Technology  Inc.,  USAAVLABS  Technical  Report 
69-97,  U.S.  Army  Aviation  Materiel  Laboratories,  Fort  Eustis,  Virginia, 
February,  1970,  AD  871155. 

2Moross,  George  C.,  INDUCTIVE  SENSING  TECHNIQUE  ADVANCEMENT,  Mechanical 
Technology  Inc,,  USAAMRDL  Technical  Report  71-51,  U.S.  Army  Air  Mobility 
Research  and  Development  Laboratory,  Fort  Eustis,  Virginia,  September, 
1971,  AD  734342. 
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Figure  1.  Inductive  Rotating  Crack  Detecting  Probe  and  Laboratory  Electronics, 


THEORY  OF  OPERATION 


The  inductive  sensing  system  delivered  under  this  contract  consists  o:'  four 
probes  and  a  case  containing  the  batteries  and  electronics  system.  A  en¬ 
tailed  circuit  description  is  given  on  pages  17  through  2?.  Photographs  of 
the  field  unit  are  shown  in  Figures  2  and  3. 

The  basic  probe  design  consists  of  a  "U"-shaped  core  with  a  winding  of 
cooper  wire  at  the  center  of  the  "U" .  This  coil-core  combination  is  placed 
in  one  leg  of  an  AC  bridge  circuit  which  is  powered  by  an  oscillator.  The 
signal  output  of  the  bridge  is  detected,  filtered  and  presented  as  an  out¬ 
put  which  is  a  function  of  crack  size.  The  probe  is  positioned  so  that  the 
sample  forms  the  flux  path  between  the  legs  of  the  "U"  and  the  flux  passes 
through  the  sample  material.  When  the  bridge  is  initially  balanced  with 
the  probe  over  good  material  and  then  the  probe  moved  to  cracked  or  other¬ 
wise  flawed  material,  the  oridge  will  indicate  an  unbalance  due  to  the 
change  in  material  properties,  as  seen  both  by  changes  in  the  reluctance  of 
the  path  and  in  the  eddy  currents  in  the  material.  If  the  elementary  sin¬ 
gle  coil-core  probe,  as  described  above,  is  physically  scanned  over  a 
cracked  sample,  it  will  be  seen  that  the  signal  output  (or  detectability  in 
terms  of  bridge  unbalance)  is  a  function  of  the  angular  relationship  between 
the  flux  and  the  crack.  If  it  is  assumed  that  a  crack  is  linear  at  least 
over  the  width  of  the  probe,  the  probe  may  be  rotated  over  the  crack  with 
the  bridge  output  showing  two  signals  maxima  and  two  signals  minima  per  360 
probe  rotation.  If  the  probe  is  now  rotated  at  a  uniform  speed,  the  twice- 
per-revolution  maxima  becomes  an  AC  crack  signal  with  a  frequency  equal  to 
two  times  running  speed  (RPS).  This  AC  signal  may  then  be  easily  ampli¬ 
fied,  narrow-bandpass  filtered,  and  rectified  to  provide  the  crack  signal 
output.  Since  the  effects  of  proximity  change  affect  the  DC  level  of  the 
signal,  and  since  other  artifacts  are  either  random  or  once-per- revolution, 
the  signal  may  be  expeditiously  filtered  to  remove  nearly  all  "noise,"  thus 
presenting  an  unambiguous  indication  of  a  crack. 
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Figure  2.  Inductive  Crack  Detector 
Rotating  Sensor  Packaged 
for  Use  in  the  Field  . 


Inductive  Crack  Detector 
Shown  Being  Applied . 


SYSTEM  DESIGN  CRITERIA 


The  design  of  the  system  was  the  initial  task,  and  included  both  probe  and 
electronics . 

The  requirements  for  the  probe(s)  consisted  of  the  following: 

a.  Four  probes  were  to  be  supplied,  varying  in  size  and  hence 
application. 

b.  The  probes  were  to  be  interchangeable. 

c.  A  minimum  of  readjustment  (none  preferably)  was  to  be 
required  upon  change  of  probe. 

d.  A  crack  direction  indicator  was  to  be  incorporated  on  one  or 
more  probes  to  determine  its  usefulness. 

e.  The  probes  were  to  be  rugged,  in  keeping  with  the  intended 
field  and  shop  use. 

The  requirements  for  the  case  and  electronics  were  as  follows: 

a.  The  inductive  fatigue  detector  (I.F.D.)  was  to  be  a  self- 
contained,  hand-  or  shoulder-carried  package  capable  of 
operation  under  field  conditions. 

b.  The  power  supply  was  to  include  rechargeable  batteries  to 
allow  field  operation  for  up  to  8  hours  prior  to  re¬ 
charging. 

c.  The  I.F.D.  was  to  be  fully  operable  during  the  recharging 
cycle. 

d.  Two  readouts  were  to  be  available — visible  and  audible. 

e.  The  system  was  to  have  a  sensitivity  as  measured  by  "percentage 
of  life  at  time  of  signal,"  at  least  as  high  as  previously 
reported. 


5 


RESULTS  OF  DESIGN  EXPERIMENTS 


One  of  the  important  and  early  trade-offs  in  the  probe  design  was  the 
solution  of  the  problem  of  getting  the  probe  signal  from  the  rotating  probe 
to  the  nonrotating  case.  Two  approaches  were  available:  a  high-quality 
slip-ring  assembly  as  tried  previously,  and  a  rotating  transformer.  The 
slip  rings  used  before  perform  satisfactorily;  however,  maintenance  is  oc¬ 
casionally  required  in  the  form  of  careful  cleaning  and  perhaps  brush  ten¬ 
sion  adjustments.  Additionally,  since  signals  being  carried  by  the  slip 
rir.gs  are  at  the  microvolt  level,  noise  generated  in  the  moving  contact  may 
become  significant.  Hence,  a  rotating  coupling  transformer  was  investigated. 

The  rotating  transformer  as  a  means  of  coupling  the  probe  to  tne  carrier 
was  investigated.  A  number  of  transformer  concepts  were  constructed  and 
evaluated.  The  purpose  of  the  transformer  was  to  attempt  to  eliminate 
physical  contact  between  the  rotating  member  (probe)  and  the  stationary 
member  (carrier).  Thus,  the  problem  was  to  couple  the  probe  coil  to  the 
electronics  at  a  point  just  behind  the  probe  tip  without  introducing  undue 
attenuation  or  noise.  Initially,  rotatable  coupling  transformers  were  de¬ 
signed  and  constructed  providing  both  1:1  turns  ratio  and  10:1  turns  ratio. 
Evaluation  of  these  indicated  that  the  10:1  ratio  provided  no  electronic 
advantage  and  was  more  difficult  to  fabricate  in  a  small  size.  Three  trans¬ 
formers  ware  constructed  having  1:1  turns  ratios  and  100,  33,  and  125  turns, 
respectively.  The  reduction  in  signal  strength  using  these  transformers 
was  a  factor  of  3-10  compared  to  signals  obtained  by  coupling  directly 
through  slip  rings.  When  these  transformers  were  rotated,  a  significant 
amount  of  synchronous  noise  was  generated  due  mainly  to  mechanical  charac¬ 
teristics  such  as  end  play  in  the  motor  bearings  and  radial  play  in  the 
transformer  alignment.  When  these  effects  were  minimized  by  more  careful 
alignment,  the  total  degradation  in  signal-to-noise  ratio  was  measured  at 
a  factor  of  10,  as  compared  to  performance  of  a  probe  coupled  through  slip 
rings.  Due  to  the  above  results,  the  slip-ring  approach  seemed  advisable. 

The  slip-ring  assembly  (identical  to  the  one  used  on  Contract 
CAAJ02-70-C-0028)  was  evaluated  for  potential  use  in  this  program.  After  a 
period  of  running  at  a  speed  well  below  the  upper  limit  quoted  in  the  speci¬ 
fications,  the  noise  generated  became  objectionable.  The  manufacturer  was 
contacted  and  a  different  ring  material  was  recommended.  A  silver  versus 
silver-graphite  slip-ring  brush  assembly  was  evaluated.  The  rings,  however, 
were  .812  inch  O.D.,  considerably  larger  than  desired.  Signal-to-noise 
ratio  was  of  the  order  of  40:1,  which  was  comparable  to  the  best  previous 
experience  and  was  deemed  acceptable.  A  test  on  these  rings  of  80  hours 
continuous  running  was  performed  with  very  slight  wear  and  a  negligible  in¬ 
crease  in  noise.  The  noise  was  also  "white"  in  nature  and  did  not  show  the 
disturbing  2X  rotational  frequency  as  shown  by  the  preceding  rings.  This 
2X  rotation  noise  was  considered  to  be  quite  serious  in  that  a  bandpass 
filter  would  not  be  able  to  remove  it,  while  looking  for  a  2X  rotation 
crack  signal,  and  the  noise  being  rectified  would  be  indistinguishable 
from  the  signal.  The  manufacturer  was  contacted  subsequent  to  these  tests. 
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and  he  supplied  special  silver/silver-graphite  rings  in  a  .260-inch 
diameter  for  this  program.  Since  tlu  material  combination  was  rated  for 
5000  SFM  (surface  feet  per  minute),  the  4500  rpm  final  rotational  speed  of 
the  slip  rings  was  quite  conservative. 

The  remaining  trade-off  was  of  lesser  magnitude  but  the  subject  of  serious 
consideration.  After  a  study  of  the  intended  use  of  the  instrument,  it  was 
deemed  advisable  to  allow  operation  from  batteries .  Since  the  unit  would 
likely  be  stored  between  use  in  an  area  containing  115  VAC  power,  the 
nickel-cadmium  battery  with  115  VAC  charger  was  an  obvious  choice.  The 
provision  of  recharging  from  28  VDC  aircraft  power  was  considered,  but  it 
was  deemed  not  necessary  and  hence  was  not  included. 
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DISCUSSION 


GENERAL  DESCRIPTION 


The  present  effort  has  concentrated  upon  development  of  a  field-portable 
version  of  the  inductive  fatigue  detection  system.  The  major  functional 
characteristics  of  the  inductive  system  are: 

1.  Cracks  are  detected  at  the  microcrack  size  level,  as  small  as  10 
inches  in  width. 

2.  The  system  could  be  optimized  to  perform  well  with  both  ferrous  and 
nonferrous  metals . 

3.  The  system  employs  a  rotating  probe  and  hence  is  relatively  insensitive 
to  standoff,  tilt  and  surface  condition. 


Surface  conditions  such  as  paint,  anodizing,  grease,  oil,  and  rough  machine 
finish  have  been  investigated  and  have  been  seen  to  have  little  or  no 
effect  or  the  system's  ability  to  detect  microcracks;  in  fact,  anodizing, 
since  it  ir  a.  brittle  coating  well  bonded  to  the  aluminum,  allowed  even 
earlier  detection  of  fatigue  damage.  Briefly,  the  operation  of  the  system 
is  not  affected  deleteriously  by  surface  condition  as  long  as  the  probe 
can  be  placed  in  reasonable  proximity  to  the  material  to  be  examined,  and 
the  intervening  material  is  nonferromagnetic.  In  the  case  of  ferro- 
mag.lt  tic  material  between  the  probe  and  specimen,  the  flux  field  s  effec¬ 
tively  "shorted  out"  by  the  intervening  layer  and  does  not  penetrate  into 
the  material  in  question.  In  the  case  of  nonferromagnetic  metal  such  as 
ordinarily  used  for  plating,  the  effect  is  negligible. 
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FATIGUE  TEST  DATA 


Aluminum  bending  fatigue  test  specimens  of  the  type  shown  in  Figure  4  were 
used  to  test  the  probe.  The  fatigue  testing  machine  used  was  the  Model 
CSS-40,  made  by  Vishay  Research  and  Education  Division.  The  specimen  dimen¬ 
sions  are  as  recommended  by  the  manufacturer  of  the  fatigue  tester. 

The  bending  stress  was  chosen  at  a  level  where  failure  would  occur  in  one- 
half  million  to  three  million  stress  cycles. 

Twenty  specimens  were  tested.  The  probe  used  has  a  1/4-inch  core  diameter. 
Its  configuration  is  shown  in  Drawing  No.  277C13,  Group  4. 

The  results  are  plotted  in  Figures  5  through  9,  which  show  the  normalized 
instrument  output  versus  the  percentage  of  specimen  life  expended. 

As  can  be  seen  from  the  data,  a  reasonably  close  prediction  of  cycles  to 
failure  can  be  made  for  the  material  and  stress  level  used  in  the  test. 

Probe  output  represents  a  combination  of  crack  length  and  depth,  both  of 
which  can  vary  strongly  individually  and  in  combination  for  a  given  fatigue 
history  from  specimen  to  specimen.  The  spread  in  the  data  is  caused  by  a 
variation  in  crack  growth  rate  (in  depth  and  length)  throughout  the  life  of 
specimens . 

The  "Normalized  Reading"  in  Figures  5  through  9  are  the  actual  readings 
taken,  multiplied  by  the  attenuation  factor.  Thus  all  instrument  data  is 
presented  on  one  continuous  scale,  even  though  different  attenuator  settings 
were  used.  The  audible  alarm  threshold  can  be  varied  over  a  wide  range. 

The  setting  can  be  changed  by  removing  the  electronics  from  the  carrying 
case  and  by  adjusting  a  potentiometer.  The  setting  at  delivery  was  25%  of 
full  scale  with  maximum  attenuator  setting. 
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Figure  4.  Sheet  Fatigue  Specimen. 
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Figure  5*  Inductive  Fatigue  Detector  Normalized 
Output  Versus  Percent  of  Life  Expended 
fo’"  Aluminum  Fatigue  Specimen  (Tests  No. 
1-4). 
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Normalized  Reading 


Percentage  of  Life 


Figure  7.  Inductive  Fatigue  Detector  Normalized 
Output  Versus  Percent  of  Life  Expended 
for  Aluminum  Fatigue  Specimen  (Tests  No. 
9-12). 
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ELECTRONIC  SYSTEM  DESCRIPTION 


The  electronics  for  the  rotating  crack  detection  probe  are  contained  on  two 
circuit  boards.  The  schematics  for  the  circuitry  on  these  boards  are  shown 
in  Drawings  10E000032  and  10D000132.  One  complete  breadboard  of  this  sys¬ 
tem  has  been  built  and  tested.  The  circuit  boards  shown  are  held  on  board 
guides  chat  are  connected  to  the  back  of  the  front  panel  of  the  electronics 
case.  A  block  diagram  of  the  complete  system  is  shown  in  Figure  10. 

Circuit  board  No.  1  (Dwg.  No.  10E000032)  contains  the  following  circuitry: 

1.  The  motor  voltage  regulator  (IC1  and  IC2) 

2.  The  electronics  system  voltage  regulator  (IC3  and  IC4) 

3.  A  50-kHz  oscillator  (IC5  and  IC6) 

4  The  probe  amplifier  and  bridge  reference  elements  (IC7  and  IC8) 

5  The  carrier  demodulator  circuit  (IC9  and  ICiO) . 

Voltage  is  supplied  to  the  two  regulator  circuits  from  the  battery,  which 
has  an  output  voltage  that  varies  from  lo  volt  DC  to  21  volt  DC,  depending 
on  the  bittery  charge  state. 

MOTOR  VOLTAGE  REGULATOR 


The  ,-egulator  circuit,  which  is  composed  of  the  integrated  circuit 
regulator  IC1  and  the  amplifier  IC2,  produces  a  regulated  voltage  that 
causes  the  probe  motor  to  rotate  at  a  speed  of  4500  rpm.  This  regulator 
holds  the  motor  voltage  within  a  '±1  percent  tolerance  range,  thereby  main¬ 
taining  the  motor  speed  constant  as  the  battery  voltage  varies.  Potenti¬ 
ometer  R3  provides  the  means  of  setting  the  motor  voltage  for  the  proper 
value  of  motor  speed. 


ELECTRONICS  SYSTEM  VOLTAGE  REGULATOR 


The  second  regulator  circuit,  composed  of  IC3  and  IC4  amplifier  circuits, 
provides  a  regulated,  dual  voltage  suppl  *  for  electronics  circuitry.  The 
regulator  IC3  provides  a  fixed,  regulated  voltage  of  15  ±  0.5  volts  DC  from 
the  battery  supply.  A  fixed  common  vol.age  for  the  electronics  is  estab¬ 
lished  at  a  potential  of  +7.5  volts  DC  above  the  low  side  of  the  battery 
voltage  by  the  amplifier  IC4  circuit.  Establishing  the  electronics  common 
at  this  potential  produces  ±7.5  volts  DC  supply  from  the  regulated  15  volts 
DC  supply.  The  total  current  drawn  by  both  regulators  from  the  battery 
when  the  entire  circuit  is  operating  is  approximately  150  DC  milliamps, 
with  the  motor  drawing  115  DC  milliamps,  and  the  electronics  drawing  the 
remaining  35  DC  milliamps . 

The  remaining  circuitry  on  1  card  No.  1  performs  the  funrM-r.s  of  providing 
a  carrier  signal  to  the  cracx  detection  probe,  amplifying  the  carrier  sig¬ 
nal  that  is  modulated  by  the  presence  of  a  crack,  and  detecting  the  crack 
signal  from  the  amplified,  modulated  carrier  signal. 
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50  KHZ  OSCILLATOR 


The  carrier  signal  for  the  probe  is  produced  by  a  50-kHz  oscillator 
composed  of  amplifier  IC6  and  its  associated  components.  Capacito/s  C19 
and  C24,  and  resistors  R18,  R22,  and  R23  determine  the  oscillator  ]re- 
quency;  and  the  amplitude  control  circuit  ICS  and  its  associated  components 
determine  the  amplitude  of  the  50-kHz  signal  presented  to  the  probe  ampli¬ 
fier  IC7.  The  IC5  amplifier  circuit  controls  the  oscillator  signal  ampli¬ 
tude  by  detecting  the  average  amplitude  of  the  oscillator  output  signal, 
and  using  the  detected  signal  voltage  to  control  the  gain  element  of  the 
oscillator.  The  gain  control  element  for  the  circuit  is  transistor  Q3,  the 
resistance  of  which  is  determined  by  the  amplitude  of  the  detected  signal. 
Adjustment  of  the  amplitude  and  frequency  of  the  oscillator  output  signal 
is  provided  by  potentiometers  R15  and  R23,  respectively.  The  oscillator 
signal  that  is  presented  to  the  bridge  amplifier  circuit  has  an  amplitude 
of  5.0  ±  0.1  volts  peak-to-peak  at  a  frequency  of  50.0  ±  2.0  kHz. 

BRIDGE  AND  PROBE  AMPLIFIER 


The  bridge  circuit  in  which  the  crack  signal  is  developed  is  composed  of 
amplifier  IC7  and  its  associated  circuitry.  The  bridge  is  composed  of  re¬ 
sistors  R24  and  R27,  the  inductive  and  resistive  components  of  the  probe, 
and  a  reference  inductance-resistance  pair  that  is  approximately  equal  in 
value  to  the  probe  impedance.  The  impedance  of  the  rotating  probe  is  not 
shown  on  the  schematic  of  board  1,  but  will  be  present  in  the  circuit  in 
parallel  with  resistor  R25.  The  reference  element  in  the  circuit  will  be 
one  of  the  inductance-resistance  pairs,  L1-R37,  L2-R38,  L3-R39,  or  L4-R40, 
and  will  be  in  the  circuit  in  parallel  with  R26.  The  proper  reference 
element  for  each  size  probe  is  selected  by  jumper  wires  in  each  probe  cable 
connector.  In  operation,  the  probe  and  reference  impedances  form  half  the 
bridge  circuit,  with  resistors  R24  and  R27  forming  the  other  half  of  the 
bridge.  The  output  signal  from  IC7  is  proportional  to  the  impedance  dif- 
ferenc  ±  between  the  probe  and  reference  elements  because  resistors  R24  and 
R27  are  equal.  The  bridge  is  operated  slightly  off  null  so  that  the  signal 
present  at  the  output  of  IC7  is  a  50-kHz  carrier  signal,  the  amplitude  of 
which  is  modulated  by  the  150-Hz  crack  signal.  This  modulated  signal  is 
amplified  bv  a  factor  of  55  by  the  amplifier  circuit  IC8  and  sent  to  the 
input  of  che  demodulator  circuit. 

CARRIER-DEMODULATOR 


The  purpose  of  the  demodulator  is  to  detect  the  amplitude  modulation  on  the 
amplified  50-kHz  carrier  signal  and  to  filter  out  the  50-kHz  carrier  signal. 
The  amplifiers  IC9  and  IC10,  and  their  associated  circuitry,  form  a  full 
wave  envelope  detector-demodulator.  Diodes  CR7  and  CR8  are  the  switching 
elements  used  to  perform  the  signal  detection,  and  capacitor  C51  removes 
the  carrier  signal  from  the  output  of  IC10  by  filtering  out  the  frequency 
components  above  5  kHz.  The  output  signal  from  IC10  is  primarily  a  nega¬ 
tive  voltage  level  proportional  to  the  magnitude  of  the  50-kHz  carrier 
signal  and  the  150-Hz  crack  signal.  Also  present  at  this  point  is  some 
residual  50-kHz  carrier  signal  and  a  considerable  amount  of  broadband  noise. 
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These  cwo  latter  signal  components  and  the  negative  voltage  level  will 
be  removed  by  the  next  circuit  stage,  the  bandpass  filter.  This  circuit 
and  the  remaining  system  circuitry  are  on  circuit  board  no.  2. 

Circuit  board  no.  2  contains  the  following  circuitry: 

1.  the  fourth-order  bandpass  filter  (IC1,  IC2,  IC3,  and  IC4) 

2.  the  meter  amplifier  circuit  (IC5) 

3.  tha  crack  alarm  circuit 

4.  the  crack  direction  detector  circuit. 

INPUTS  AND  OUTPUTS  OF  BOARD  NO.  2 


The  power  to  the  circuitry  on  board  no.  2  is  provided  by  the  +  7.5-volt  DC 
regulator  (IC3  and  IC4)  on  board  no.  1.  The  input  signals  to  board  no.  2 
are  the  demodulator  output  signal  from  IC10  of  board  no.  1  and  the  probe 
direction  signal  from  the  rotating  probe.  The  output  signals  provided  i-y 
the  board  no.  2  circuitry  are  the  crack  indication  meter  drive  signal  _.id 
the  crack  alarm  actuation  signal. 

Bandpass  Filter 

The  first  input  signal  to  board  no.  2,  the  demodulator  output  signal,  is  fed 
directly  to  the  input  section  of  a  fourth-order  bandpass  filter.  This  fil¬ 
ter  is  composed  of  amplifiers  1C1,  IC2,  IC3,  and  IC4  and  the  resistors  and 
capacitors  associated  with  these  amplifiers.  Amplifiers  IC1  and  IC4  and 
their  circuitry  form  a  fourth-order  Butterworth  type  high-pass  section,  and 
amplifiers  IC2  and  IC3  and  their  circuitry  form  a  fourth-order  Butterworth 
type  low-pass  section.  The  filter  formed  by  the  cascaded  response  of  these 
two  filter  sections  has  a  broad,  octave  bandwidth  about  the  150-Hz  center 
frequency,  with  sharp  skirts  above  and  below  150  Hz  that  produce  an  attenua¬ 
tion  factor  of  greater  than  24  db  for  signal  frequencies  greater  than  300  Hz 
a  id  less  than  75  Hz.  The  output  signal  from  the  bandpass  filter  is  the  150- 
I  i  carrier  modulation  signal  that  is  produced  due  to  the  presence  of  a  crack. 
All  other  frequency  components  that  are  present  at  the  detector-demodulator 
output  are  removed  by  the  filter.  The  filter  output  signal  is  coupled  to 
the  meter  drive  amplifier,  IC5;  the  crack,  alarm  level  detector,  IC6;  and 
the  negative  peak  detector,  IC . 

Meter  Amplifier 

The  meter  drive  amplifier  and  its  associated  circuitry  perform  the  func¬ 
tion  of  producing  a  current  level  that  is  proportional  to  the  amplitude  of 
the  150 "Hz  crack  signal  to  drive  the  crack  indication  meter  on  the  front 
panel  of  the  instrument.  The  current  level  that  is  produced  by  this  cir¬ 
cuit  is  the  rectified  average  of  the  150-Hz  crack  signal.  Amplifier  IC5  is 
operated  in  a  unity  voltage  gain  configuration  with  the  meter  signal  con¬ 
ditioning  circuit  inside  the  amplifier  feedback  loop.  The  amount  of  drive 
current  that  is  sent  to  the  meter  is  a  function  of  the  voltage  across  the 
resistor  that  is  connected  from  pin  2  of  IC5  to  ground.  The  voltage  at  this 
point  is  the  same  as  that  at  the  input  to  this  amplifier  because  of  the 
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unity  gain  configuration.  The  resistor  connected  to  pin  2  is  one  of  the 
three  resistors,  R28,  R29,  and  R30,  with  the  proper  resistor  selected  by  the 
sensitivity  selector  switch  on  the  instrument  panel.  The  150-Hz  alternating 
current  that  is  produced  by  the  crack  signal  at  this  point  is  rectified  by 
the  diode  bridge  circuit  composed  of  CR1,  CR2,  CR3,  and  CR4,  and  filtered 
by  C19  to  produce  a  constant  current  level  proportional  to  the  crack  magni¬ 
tude.  Diodes  CR5  and  CR6  in  this  circuit  provide  overload  protection  for 
the  meter,  which  is  r.ot  shown  on  this  schematic,  but  is  in  the  circuit  in 
parallel  with  capacitor  C19.  Potentiometer  R25  is  a  circuit  adjustment  to 
compensate  for  the  offset  voltages  produced  by  both  IC5  and  the  filter  out¬ 
put  stage  amplifier,  IC4.  This  adjustment  allows  the  meter  circuit  to  be 
used  with  voltage  levels  in  the  tens  of  millivolts  range  with  no  offset  in¬ 
accuracies  . 

CRACK  ALARM  CIRCUIT 


The  function  of  the  crack  alarm  level  detector  circuit  is  to  produce  an 
audible  alarm  signal  when  the  magnitude  of  the  crack  that  is  being  observed 
by  the  rotating  probe  has  exceeded  a  preset  reference  level.  Amplifier  IC6 
is  used  in  this  circuit  as  a  voltage  comparator  that  determines  when  the 
level  of  the  filter  output  signal  has  exceeded  a  reference  voltage  level. 
The  reference  level  in  this  case  is  the  wiper  voltage  on  potentiometer  R32 
that  has  been  set  to  just  trip  the  alarm  on  a  crack  of  a  known  magnitude. 
When  a  crack  signal  that  exceeds  the  reference  level  is  detected,  the  out¬ 
put  of  IC6  switches  from  a  positive  voltage  level  to  a  negative  voltage 
level.  This  change  in  voltage  level  causes  the  state  of  transistors  Q1  and 
Q2  to  be  changed  from  nonconducting  to  conducting.  The  current  through 
transistor  Q2  passes  through  the  audible  alarm  unit  and  is  returned  to 
ground  through  diode  CR13.  This  action  turns  on  the  audible  alarm. 

CRACK  DIRECTION  DETECTOR 


The  final  circuit  on  circuit  board  no.  2  is  the  crack  direction  detector. 

The  purpose  of  this  circuit  is  to  determine  when  a  reference  mark  on  the 
rotating  probe  is  aligned  with  the  direction  of  the  crack  being  observed, 
and  to  indicate  this  condition  by  modulating  the  intensity  of  the  audible 
alarm.  Inis  circuit  is  composed  of  amplifiers  IC7  and  IC8  and  their  associ¬ 
ated  circuitry  and  transistors  Q3  and  Q4.  Amplifier  IC7  in  this  circuit 
functions  as  a  negative  peak  detector  to  determine  the  position  in  time  of 
the  negative  peak  of  the  150-Hz  output  signal  of  the  bandpass  filter.  The 
circuit  operates  in  such  a  way  that  the  signal  coupled  through  capacitor 
C25  to  pin  2  of  IC7  has  its  negative  peak  clamped  at  ground  potential  by 
the  action  of  IC7  through  diodes  CR9  and  CR14. 

The  clamping  action  produces  a  positive  pulse  at  pin  6  of  IC7  each  time  a 
negative  peak  of  the  signal  occurs.  The  negative  peak  is  used  as  a  refer¬ 
ence  in  this  case  because  it  is  indicative  of  the  angular  position  of  the 
rotating  probe  at  which  there  is  minimum  interaction  between  the  crack  under 
observation  and  the  magnetic  flux  from  the  probe  coil.  The  timing  of  the 
negative  peak  of  the  150-Hz  signal  is  compared  with  the  timing  of  a  positive 
pulse  from  the  output  of  amplifier  IC8.  The  positive  signal  at  pin  6  of  IC8 
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is  derived  from  a  light  reflective  transducer  in  the  housing  of  the  rotat¬ 
ing  probe.  A  current  pulse  is  produced  at  a  once-per-revolution  rate  when 
this  transducer  observes  a  reflective  element  on  the  rotating  portion  of 
the  probe.  The  circuit  for  the  transducer  is  shown  on  drawing  no. 

10D000133. 

Diode  CR1  is  a  light-emitting  diode  that  generates  the  light  that  is  trans¬ 
mitted  from  the  stationary  portion  of  the  probe  to  the  rotating  element. 
Transistor  Q1  is  a  light-sensitive  transistor  that  produces  a  pulse  of  cur¬ 
rent  each  time  the  reflective  element  passes  in  front  of  the  emitter- 
receiver  pair.  Amplifier  IC8  on  board  no.  2  acts  as  a  current  to  voltage 
converter,  the  output  of  which  changes  state  from  a  negative  level  to  a 
positive  level  each  time  a  current  pulse  is  generated  by  Q1  in  the  probe. 

The  position  of  the  reflective  element  on  the  rotating  probe,  and  the  posi¬ 
tion  of  the  reference  mark  on  the  outer  case  of  the  probe  are  chosen  so  that 
when  the  negative  peak  of  the  150-Hz  signal  and  the  current  pulse  from  the 
probe  reflective  transducer  coincide  in  time,  the  reference  mark  indicates 
the  direction  of  the  crack  under  observation.  The  coincidence  of  these 
two  signals  is  detected  by  the  diode-transistor  "AND"  gate  composed  of  di¬ 
odes  CR10,  CR11,  CR12,  and  transistor  Q3.  Transistor  Q3  in  this  circuit  is 
normally  in  a  nonconducting  state  when  the  probe  reference  mark  is  not 
aligned  with  the  crack  direction.  When  the  mark  is  aligned  with  the  crack 
direction,  the  positive  pulses  that  are  at  pin  6  of  IC7  and  pin  6  of  IC8  at 
the  same  instant  of  time  cause  Q3  to  be  placed  in  a  conducting  state.  The 
current  through  Q3  causes  Q4  to  saturate,  which  removes  diode  CR13  from  the. 
conduction  path  for  the  audible  alarm  current  by  reverse  biasing  the  diode 
with  minus  7.5  volts  DC.  The  effect  of  Q4  conducting  is  that  the  level  of 
the  audible  alarm  signal  is  increased  momentarily  by  a  factor  of  almost  two 
due  to  the  increase  of  alarm  current  through  Q4.  Transistor  Q4  is  then 
turned  off  and  on  at  a  75-Hz  rate  by  the  crack  direction  circuit,  causing 
the  audible  alarm  to  have  a  change  in  output  at  this  rate.  This  has  the 
effect  of  modulating  the  alarm  output  at  75-Hz  while  the  probe  is  aligned 
properly  with  the  crack  direction.  It  should  be  noted  at  this  point  that 
the  crack  direction  circuit  itself  cannot  cause  an  output  from  the  audible 
alarm.  The  alarm  level  set  by  amplifier  IC6  on  board  no.  2  must  be  exceed¬ 
ed  before  the  alarm  can  turn  on,  and  therefore,  it  is  possible  to  determine 
the  direction  of  only  those  cracks  which  have  a  magnitude  greater  than  the 
alarm  level. 

BATTERY  AND  BATTERY  CHARGER  CIRCUIT 


Power  is  supplied  to  the  electronic  circuitry  from  a  rechargeable  nickle- 
cadmium  battery  that  is  located  underneath  the  two  circuit  boards  in  the 
system  case.  Supplied  with  the  battery  source  is  a  charging  circuit  that 
can  be  operated  from  115  volts  AC.  The  charging  circuit  is  designed  so 
that  the  electronics  system  can  be  either  on  or  off  while  the  battery  is 
being  charged.  Circuit  operation  is  in  no  way  affected  by  the  battery's  being 
in  a  charging  mode,  and  the  charging  rate  of  the  battery  is  not  decreased 
when  the  circuit  is  on  in  this  mode.  Drawing  no.  10D000133  shows  the  bat¬ 
tery  charger  circuit,  the  battery  connections,  the  front  panel  control  wir¬ 
ing,  and  the  circuit  board  interconnection  wiring. 
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Power  is  provided  to  the  battery  charger  circuit  from  the  AC  power  source 
via  transformer  Tl.  This  transformer  steps  the  voltage  down  frcm  115  volts 
AC  to  28  volts  AC.  Filter  circuit  FL1  in  the  primary  of  the  transformer 
keeps  any  high  noise  that  may  be  on  the  power  line  from  affecting  the  opera¬ 
tion  of  the  circuit  while  the  battery  is  in  a  charging  mode.  The  secondary 
voltage  from  Tl  is  rectified  by  the  diode  bridge  circuit  composed  of  CR1, 
CR2,  CR3,  and  CR4,  and  filtered  by  capacitor  C3  to  produce  a  low-ripple  DC 
voltage.  Since  no  switch  is  provided  to  remove  the  AC  power  from  the 
charger  circuit,  a  panel  lamp  is  included  to  indicate  when  the  rectified 
voltage  produced  from  the  AC  line  voltage  is  present. 

The  bat  ery  charger  circuit  consists  of  a  constant  current  regulator  that 
provides  sufficient  current  to  simultaneously  charge  the  battery  and  operate 
the  electronic  circuits.  The  battery  charging  rate  is  sufficient  to  fully 
charge  the  battery  overnight,  yet  low  enough  that  the  battery  cannot  be 
damaged  by  overcharging.  The  constant  current  source  is  composed  of  the 
drive  transistor  Ql,  the  current  reference  elements  zener  diode  CR5  and 
resistor  R2,  and  the  blocking  diodes  CR7  and  CR6.  The  latter  components 
provide  a  conduction  path  for  the  charging  current,  but  block  the  battery 
current  from  discharging  through  the  current  source  when  the  charger  cir¬ 
cuit  is  not  on.  Switch  S3  provides  the  path  for  power  to  the  electronic 
circuits  in  its  "on"  position.  When  this  switch  is  in  its  "off"  position, 
it  provides  a  path  through  resistor  R4  for  the  charger  current  that  would 
otherwise  be  used  by  the  circuitry.  In  this  way,  the  constant  current 
source  provides  a  constant  battery  charge  current  whether  the  electronic 
circuits  are  on  or  off. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


1.  On  standard  fatigue  specimens,  crack  indication  was  noted  as  early  as 
5%  of  the  total  fatigue  life  of  the  specimen. 

2.  The  sensitivity  of  the  probe  showed  a  factor  of  two  improvements  over 
the  best  previous  results. 

3.  Surface  conditions  such  as  paint,  anodizing,  grease,  oil,  and  rough 
machine  finish  showed  little  or  no  effect  on  detecting  microcracks. 

4.  The  system  showed  relative  insensitivity  standoff,  tilt  and  surface 
condition.  This  is  attributed  to  the  use  of  a  rotating  probe. 

5.  The  present  probes  work  well  on  highly  conductive  nonpermeable  metals 
in  the  as-designed  condition. 

6.  Crack  direction  or  orientation  can  be  determined  with  the  probe. 

7.  Redesign  would  be  required  for  adaptation  of  the  system  to  detect 
cracks  in  metals  with  lower  conductivity  than  aluminum. 

8.  The  basic  design  of  a  specific  probe  must  be  tailored  to  the  required 
application. 

9.  The  current  configuration  is  limited  to  curvatures  of  2  inches  or 
greater. 


RECOMMENDATIONS 


1.  For  consideration  as  a  general  inspection  tool,  further  development 
should  be  undertaken  to  incorporate  particular  requirements  regarding 
metal  properties,  crack  location,  crack  size,  and  surface  topography. 

2.  For  general  purpose  use,  adjustment  features  should  be  developed  to 
enable  the  probe  to  be  adjusted  to  varying  conditions  and  properties. 
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